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Linear Systems with Repeated or Zero Eigenvalues
Math 230

Consider the matrix A = [ _11 ; ]

1. Find the eigenvalues and eigenvectors of A.

det (A- 21) =[I:l>‘ 3‘->~] = N -+ = (h-2)°

So  the oaly eijetwalue is \=2

N |]

-2 - - —l _L__‘ . - .

Eiae.med-» V satisfies (A-zﬂ\/: 0, so [_| l']\l- o, thes V [l
(or ony M\AH';P|¢).

2. Find the solution with each of the following initial conditions:

) Let V= B‘] and

(a) Y(0) = (1,1) 6) Lot Ve[a] o
= = [ _[Ye-=
0 Y0~ o f L N ]
. 11 s on The selation is: The  selution 55'-”‘
(@) se;[jh ‘ Y= [1] - [;]{,a V)= ’,‘_-] &k ,;]f 2
v AN L 2t
Y({\- [I] © /Q'Rec-ﬂ the Theorem from Seckom 3.5 in the +e)d-.S

3. What do you think the phase portrait looks like for this system?

L
N

Y574
4. Suppose &matrix B has only one eigenvalue but two linearly independent eigenvectors. What
can you say about matrix B? (Can you come up with any matrices with this property?)

Tt must be Hat B:[g ;]

X

wLy? Sme B has tao hnaarly ndependest eigenvectors, g digqenshiaatle.
Ten PUBP = [g S]=I. This imples B= P(D)PT = 2T
5. For any matrix B that you found above, what is the general solution to 4 = BY?
The  linear system is :‘—E = : :]_Y., vhich  hay  golution
X(t) = k.e"t' y(t)= ke ™.

(This system s o mpletely decovplcd-)



Consider the matrix C = { 1 1 } .

6. Find the eigenvalues and eigenvectors of C.
l- X \ _ 2 - _ 2
ole+(A-\I) = det [ I I—)] = \N'=-2ZN = bY (X 3

So Qiac_mmlues are \ﬁoa >\1.‘_'Z

- - ]
Fr N=0, tisznud\u— s V.lﬁ:]- For N=2, cisenvedor is V.,"[|]-
(or oAy multiple of tHhese \udor:.)

7. Find the solution with each of the following initial conditions:

() Y(0) = (2,-2) General  solutionr Y= K[Je%s K [1] e

() Y(0) = (3,-1) )
) ¥i0)= o) RN
€) Seletion () k=2 kst | Ok, g gt
Y =[‘3J ¢ ['?;'] Selution’ Selution:
This s aa C{u'l\ibrium ?(-H: [‘3-:14' [;]e'z* ‘{.&\ = x:;zY_-[_:] + l.;:h[)l:} Czt

Solution!
8. What do you think the phase portrait looks like for this system?

2L
9. Suppose a¥matrix D has only one eigenvalue, which is zero. What can you say about matrix

D? (Can you come up with any matrices with this property?)

Exanmples: [g ;] hos oaly gijtfwalu& O and wa one linearly independent et‘ahndu'.

(o]
[g o] is the oaly metrix with orly ciqrvake O ond fuo

hl\eu-lr inde rendw\- eijenvedbrs y
. . . dY __ y
10. For any matrix D that you found above, what is the general solution to ‘- = DY? L__)
—t>
evecssesdecscsses X

Fr D=[31], e g shtm u YO=[F]+[5]t. mm
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